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Remarks 

Claims 486-560, 563-582 7 585-592, 595-618 and 621-630 are presently pending in 
the subject application. 

Reconsideration and allowance are respectfully requested in view of the above 
amendments and the following remarks. 

Claims 583, 584, 593, 594, 619 and 620 are canceled herein without prejudice to the 
prosecution of the subject matter of these claims in this or a future continuing application. 

Claims 486-491 have each been amended herein to recite that the variable region is 
present in an rRNA or rDNA sequence in a location corresponding to a target region "consisting of 
or is contained within" one of the listed target regions. This amendment is consistent with the 
recitation of narrower target regions in the dependent claims (see claims 494, 495, 500-503, 506-509, 
514-517, 533-546, 549-560, 565-582, 585-588, 591 , 592, 595-600, 605-610, 613-618 and 621-630). 
Because the narrower target regions recited in the dependent claims are not newly added, it is 
believed that the amended language of the independent claims does not raise new issues requiring 
a further search. 

Claims 488 and 489 have been amended herein to recite a target region corresponding 
to bases "600-670" instead of "600-675" of E. coli 16S rRNA or the encoding DNA, This 
amendment is consistent with originally filed claim 310 and the language of dependent claims 502 
and 503 herein.. 

Claims 488 and 489 have been also amended herein to recite a target region 
corresponding to bases "980-1050" instead of "975-1060" of £ coli 16S rRNA or the encoding 
DNA. This amendment is consistent with originally filed claim 3 14 and the language of dependent 

claims 508 and 509 herein. 

Claims 490 and 491 have been amended herein consistent with the unamended 
language of dependent claims 621, 622, 627 and 628 to recite that the target region corresponding 
to bases "1440-1600" of E. coli 23S rRNA or the encoding DNA is, instead, bases "1440-1620" of 
E. coli 23S rRNA or the encoding DNA, (This amendment is further supported by original claims 
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64 and 82 and Examples 8 and 10 of the specification .) Thus, this amendment to claims 490 and 49 1 
does not introduce new matter nor does it raise new issues requiring a further search. 

Claims 539 and 540 have been amended herein to recite a target region corresponding 
to bases "450-490" instead of "405-490" of £ coli 16S rRNA or the encoding DNA. This 
amendment is consistent with originally filed claim 95 and Example 9 of the specification. 

Claims 555 and 5 56 have been amended herein to recite a target region corresponding 
to bases "980-1030" instead of "980-1050" of E. coli 16S rRNA or the encoding DNA. This 
amendment is consistent with originally filed claims 216 and 272 and Examples 18 and 21 of the 
specification. 

Claims 577 and 578 have been amendedheredn to recite a target region corresponding 
to bases "1155-1190" instead of "1150-1200" of E. coli 23S rRNA or the encoding DNA. This 
amendment is consistent with originally filed claims 64 and 149 and Example 4 of the specification. 

Claims 6 1 3 and 614 have been amended herein to recite a target region corresponding 
to bases "335-395" instead of "270-395" of E coli 23S rRNA or the encoding DNA. This 
amendment is consistent with originally filed claims 1 17 and 209 and Examples 10 and 17 of the 
specification. 

The c) ai ms are further amended herein to make non-substantive editori al changes and 
to address the Examiner's rejections in the manner described below. 

Interview Summary 
Applicants wish to thank the Examiner for granting the undersigned a telephonic 
interview on August 31, 2005. The issues discussed with the Examiner are fully reflected in the 
above amendments to the claims and in the responses to the Examiner's rejections set forth below. 

Rejections Under 35 ILS.C. 6 112. First Paragraph 

Claims 486, 487, 512, 513, 528 and 529 stand rejected by the Examiner under 35 
ILS.C. § 112, first paragraph, as failing to comply with the written description requirement- 
Applicants submit that this rejection is rendered moot by amendments to the claims herein, which 
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provide that when the target region corresponds to bases 1255-1290 of E. coli 16S rRNA or the 
encoding DNA, then M. pneumoniae is the target species and the non~ target species include M. 
genitaliwn. This amendment finds support in the specification at page 58, line 6 et seq., which 
discloses four probes targeting this region that are specific for M, pneumoniae. As shown in Tables 
27 and 28 of the specification, the M. pneumoniae probes do noi cross-react with other respiratory 
pathogens, including M. genitalium. This property of the probes is significant because M, 
pneumoniae and M. genitalium are known to share significant homology. See abstract of Attachment 
A 7 Jensen etal. (2003)/- Clin. Microbiol 41, 261-266 ("M genitalium showed the most-prominent 
homology to the M. pneumoniae 16S rRNA sequence of M. pneumoniae (98% homology).") And, 
in U.S. Patent No. 5,851,767 ("the '767 patent"). Standbridge et al. do not disclose that all or any 
portion of the claimed target region could be useful for distinguishing M. pneumoniae over Af. 
genitalium^ but instead di sclose fragments that differ significantly from the 16S rRNAgeneof E. coli 
and which form the bases for mycoplasma-specific probes. See the '767 patent at column 2, lines 
15-20. 

Claims 486 and 487 stand rejected by the Examiner under 35 U.S.C. § 112, first 
paragraph, as failing to comply with the written description requirement. In support of this rejection, 
the Examiner correcdy notes that the recitation of a target region corresponding to bases 65-108 of 
E. coli "16S rRNA" or the encoding DNA in the proviso language should have been a reference to 
"5S rRNA." In response, Applicants have amended claims 486 and 487 to correct this obvious error. 

For the reasons set forth above, Applicants submit that the amended claim language 
complies with the written description requirement and does not introduce new matter or raise new 
issues requiring a further search. Accordingly, withdrawal of these rejections is hereby respectfully 
requested. 
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Rejection Under 35 U.S.C S 112. Second Paragraph 

Claims 508, 509, 512, 513, 528 and 529 stand rejected by the Examiner under 35 
U.S.C. § 112, second paragraph, as being indefinite. In particular, the Examiner takes the position 
that the these claims depend, either directly or indirectly, from claims which recite overlapping but 
not identical base ranges. In an effort solely intended to advance the prosecution of this application, 
Applicants have amended claim 508 herein to depend from claims 486-489 in the alternative. 
Claims 512 and 513 have been amended herein to recite that the target region is in a location 
corresponding to bases "1255-1290" instead of bases "1250-1290" of K coli 16S rRNA or the 
encoding DNA. And, although not addressed by the Examiner, claims 498 and 500 have been 
amended to depend from claims 488-491 in the alternative. Additionally, the rejection of claims 528 
and 529 is believed to be rendered moot by Applicants amendments to claims 486 and 487 herein, 
which correct the proviso language to indicate that bases 65-108 represent a region of E. coli "5S" 
rather than "16S" rRNA or the encoding DNA. Accordingly, Applicants submit that the claims are 
definite and withdrawal of this rejection is respectfully requested. 

Rejection Under 35 U.S.C. $ 102 
Claims 488, 489, 508, 509, 512 and 513 stand rejected by the Examiner under 35 
U.S.C. § 102(e) as being anticipated by Stanbridge ex al (U.S. Patent No. 5,851,767). In support of 
this rejection, the Examiner contends that these claims recite a target region (i.e.. a location 
corresponding to bases 1255-1290 of £ coli 16S rRNA or the encoding DNA) which contains a base 
section of 16S rRNA disclosed by Stanbridge a$ forming the basis for a mycoplasma probe without 
introducing any limitation on what is detected, as in claims 486 and 487. Claims 488, 489 and their 
dependents, however, require that the recited hybridization assay means or oligonucleotide probe 
distinguish between nucleic acid of at lease one target species and nucleic acid of at least one non- 
target species belonging to the same genus as the target species. Since Stanbridge merely discloses 
16S rRNA gene fragments that differ from the 16S rRNA gene of E, coli, and nowhere discloses or 
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suggests that these fragments might be used to distinguish between species of mycoplasma {see 
Stanbridge at col. 2, lines 15-30), Applicants submit that the claims are patentable in view of 
Stanbridge. Accordingly, withdrawal of this rejection is respectfully requested. 

Claim Objections 

Claims 492-507, 510, 51 1, 514-527, 530-560 and 563-592 stand objected to by the 
Examiner has being dependent upon a rejected base claim. Because Applicants believe that the 
indicated claims should be allowable for the reasons set forth above, Applicants respectfully decline 
the Examiner's invitation to rewrite the objected to claims in independent form, including all of the 
limitations of the base claim and any intervening claims, at this time. 

Allowed Claims 

Applicants note with appreciation that claims 490, 491 and 593-630 are allowed. 

Conclusion 

Applicants submit that the subject application is in condition for allowance and early 
notice to that effect is earnestly solicited. 

No fee is believed due in connection with this Amendment. If Applicants are 
mistaken, then please charge the amount due to Deposit Account No. 07-0835 in the name of Gen- 
Probe Incorporated. 
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Detection of Mycoplasma genitalium by PCR Amplification 

of the 16S rRNA Gene 

Jergen Skov Jensen, 1 * Martin B. Bone, 2 and Birthe Dohn 1 

Mycoplasma Laboratory, Department of Respiratory Infections, Meningitis and Sexually Transmitted Infections, 1 
and Laboratory of Molecular Biologyr Statens Serum Insrimt, DK-2300 Copenhagen S, Denmark 

Received June 2002/Retumed for modification 16 August 2002/Accrpied 15 October 2002 

In order to develop a species-specific PCR for the detection vt Mycoplasma genitalium, the sequence of 1,490 
bases of the 1$S rKNA gene was determined for M. genitalium G37 (type strain) and four Danish isolates of 
M. genitalium. The sequences of the four Danish strains, mutually different with respect to their MgP» gene, 
were 100% homologous, although they carried a single common base substitution compared to the type strain. 
Among members of the Mycoplasma pneumoniae phylORenetic cluster, M. genitalium showed the must-prominent 
homology to the 16S rRNA sequence of A/, pneumoniae (98% homology). From regions showing the least 
homology to the M. pneumoniae 16S rRNA gene sequence* primers were chosen to amplify DNA trom M gem- 
taUum only. Two sets of primers were selected for their ability to detect <10 to 50 M. genitalium genome copies 
without cross-reactions with M. pneumoniae. The performance of these primers was compared to the perfor- 
mance of two pairs of primers amplifying parts of the MgPa adhes'm gene; 1,030 randomly selected specimens 
submitted for Cltlamydia traeJiomatbt culture were scr&ened with one Of the 16S rRNA gene primer sets. A total 
of 41 specimens were found to be positive for this gem.-, 40 of these could be confirmed by one or the MgPa 
primer sets, whereas the other MgPa primer set detected only 21 positive specimens out of 40. These results 
indicate that estimates or the prevalence ofM. genitalium in various populations using MgPa PCR primers 
could be incorrectly low if the PCR primers are located in variable regions of the MgPa gene- 



Two Mycoplasma genitalium strains were originally isolated 
in 1980 from the urogenital tracts of 2 of 13 men with non- 
gonococcal urethritis (NGU) (27). Despite repeated attempts 
with conventional culture techniques, no oiher urogenital iso- 
lates have been reported (21, 24). Using a ccll-culture-bascd 
method, however, wc succeeded in isolating four new strains 
from the urethras of male patients with NGU who were PCR 
positive forM genitalium (11). AT genitalium and Mycoplasma 
pneumoniae share several structural properties, such as the 
flask shape and the terminal tip-like structure, and a significant 
antigenic relationship between the rwo mycoplasma species 
has hampered diagnostic serology (15; K. Lind, Letter, Lancet 
ii:115S-1159, 19S2), 

Because traditional diagnostic procedures for Af. genitalium 
such as culture and serology have failed, other methods have 
been investigated. The development of a DNA probe provided 
some evidence for the presence of Af. gemtalium in the male 
urogenital tract (8), but data indicating that M. genitalium is a 
potential cause of NGU have only recently been demonstrated 
by the use of PCR (2, 9, 10, 13, 26). 

M, genitalium strains recently isolated from Danish patients 
(11) show a significant degree of sequence diversity of the main 
adhesin (MgPa) gene. This variability has not yet been suffi- 
ciently characterized to determine the presence of conserved 
regions in the gene so that PCR primers covering all Af. geni- 
talium strains can be designed. Consequently, we decided to 
develop a species-specific PCR based on amplification of 
rRNA gene sequences. 



■ Corresponding author. Mailing address: Mycoplasma Laboratory* 
Statens Scrum lnsiinrt. Artillerivej 5, DK-2300 Copenhagen S, Pen- 
mark. Phone: 45 3265 3636. Fax: 45 326S 3152. E-mail: jsj@ssi.dX. 



(Part of this study was presented at the 10th International 
Congress of the International Organization for MycOplasmol- 
Ogy, Bordeaux, France, July 1994, The abstract has been pre- 
viously published [Int. Org. Mycoplasmol- Lett. 3:332-333, 
1994].) 

MATERIALS AND METHODS 

Onanism* artd growth conditions. Af. genitalium G-37 T and fouT n=w Danish 
Af, Rtmltalium strains desicnuicd M 229S. M 2300, M 2321. and M 2341 were 
grown in modified Frits' FF medium (J 1) conuininfi horse scrum, The following 
species (strains) wuru u.rown in modified Huyflick's medium CI 5) and harvested 
by ccnrrifu^niort in ihc Uie log phase: Af. pneumonia* (fh t , Mac, Mt29'BS, 
M129-B170, and iwo clinical iso^icx), Mycoplasma hominbt (rG2l v , H34, 
and three clinical isobtcs), Mycoplasma w//wmwi ^^2$*)* Mycoplasma baccate 
(CI! 2024?"^ ► Mycoplasma orah (Pun nnd one clinical isolate), Mycopkt&ttd 
fermcntun* (O t and S3b). Mycopfoma faucium (DC 333 1 ), Mycoplasma prima, 
mm (Navel), Mycoplasma pirum (Z*:us), Mycoplasma Uptyphihun (M«by B 7 ), 
Mycoplasma trytirhinis (ODL), A()wiam« argmini (G^O 7 ^ Mycoplasma B aiH- 
scpticum {l$WL),AcHotcptasma laidtawii (A*\ and UrU plasma wcafyticum (se- 
rotype* 1 |R Black 7J nnd vill [R Black 960 7 )). All were grown in U10C medium 
(20). 

DNA extraction* DNA from M. gcnitalitim G-37 T and from the Af. pneumoniae 
Mae strain was ortrueicd with chloroform ** previously described (12). DNA was 
quantified spertruphoioractricaUy and by visual companion after gel electro- 
phoresis and elhidium bromide staining. DNA from the olber mycoplasma spe- 
cie was released by rcsusp«nding the pellet from 2 ml of broih culture obtained 
after ccnirifupition at 30,000 x * Tot 15 min at 4*C in too \ti of lysis buffer (10 
roM Tri* HC1 [pH S,01> 1 n>M EDTA, 0.5*3* Twccn 20, and 0.5?& Nonidct P-40) 
containing pTptcinase K (200 u.g/ml)- The- samples were incubaicd it 55'C for 30 
imp, the proteinase was inaciiv-jted at W°C for 15 min, and the cube* were briefly 
centrifugal to collect cundotuation droplet*. Clinical specimen* were treated 
siniilsrly, except Ibiit only 200 ^\ ot the specimen was u?wd; 10 pJ was used for 
PCR. 

Scqucncr determination or the 16S rRNA gene, Before wc began development 
of ihc presenr assays, the ltiS rRNA p.cnc sequence was noi available in puWic 
dainbaSrf. FunbeTTTiurc. four Danish M. scniinlium sirwins wctu found to have 
hypCTvariable pans in their MfiPa gene (18). Consequently, it wns decided to 
determine the 16S tRNA £ti\c sequence of the type Kimin Q37 of Af. gpnttahum 
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262 JENS1IN ET AL- 

TABLE 1. Primers for PCR deduced from M gemialium 16S rRNA 
Bene Sequence used in initial evaluation ^ 

Primer Sequence 

MG16-45F 5" TAC ATG CAA CTC CAT CGG AAG TAC C 

MClS-lSlR 5' ACC Cl'f GCA GGT CCl" 'l*l"C AAC TTT A 

MG1&-252R y CGT CAT TGC CTT GGT AGG CCA 

MG 16-41 1R 5* TTC TTC CCA AAT AAA AC A ACT TTA CAA TCA A 

MGl6-4a7R 5' AAA CTC CAC CCA TTG CCr CCr AG 

MG16-455R 4* CCT ACA GTC AAA CTC CAG CCA TTG 

MG1M39F J' CAA TGA CTC TAG CAC CCA ATG CCT C 

MGJrHvtoR y TCC AAA ACT CCC TAC CAC ACT CTA GAC TC 

MG16-1 n?R..„i* TCC TCC AAT TTA CAT TAG CAC TCT CGT TAA 

MG16-12P4K .V CAA TGG CCA ATA CAA ACA GTA CCC AA 

MG16-1301R „.^- CTC ATT CGC GAT TAC TaG TGA TTC CAG 
MGI&-U2SR.....5' ACC OCT CCT ATC CTT GAC aTC CA 
MGJ6-1421R.....5' GT G CTA TCC T rQ ACA TGC ACT I'CC AA 

* Primer combinations MG16S-45F-MCl6S-447R and MGln$O20dF-A1Gl6S- 
1301R (underlined primer*) were M. gcnituHvm specific and used in the clinical 
evaluation. 



as well as thnl of the four D&nsh strain* in order to document the conceived 
nature of this gene. The 16S rRNA gene was amplified by FCR with primers 
binding to ^quenecs conserved in most eubacteria. The PCR products were 
cloned in the pBluescript H $K vccior (Strata gene, La JoUu, Calif.), ana th* 
wuuenctng reactions were performed using the Applied Biosystcm* cycle se- 
quencing kit with d>c-didcoxy lcirninatcins. Sequences were rend by an Applied 
Biosystems model 373A automatic sequencer. Both sounds were sequenced from 
at leusi two dune* from each strain. 

Sequence analysis. Sequence data were analyzed with the Genetics Computer 
Group (Madison, Wis.) program package. The program Pileup was used for 
multiple sequence alignments. 

Design or primers. Primers were selected from regions ol the 16S rRNA gene 
showing the least sequence homology with (he corresponding M. pneumonia 
sequence- Since the two sequences were very jarnilar, a maxinrum of three 
mismatches could be incorporated in each primer. Ore wk taken to ovoid 
primCrf having a 3'-lerrninal T (14). The primer* weft examined for melting 
temperature (7"„,), secondary structure, and tendency to primer-dimer formation 
using die Oligo primer analysis software (version 4.0; MedProbe, Olso, Norway). 
Three forward and 10 reverse primers with predicted T m between S33 and 
G0.2°C (Table 1) were selected* allowing for 17 possible combinations. Eleven 
combinations were examined far their limit of detection (LOD) with purified 
Af. Qenitatiunt DNA and for their jmecincin/ with At pneumoniae DNA, corTe- 
iponding to 3.500 copies and a pool of urogenital specimens PCR negative tor 
Af. Qbiiralhtm. 

PCR nssny. The primer combinations were screened under the following 
conditions- A final reaction volume of 100 ul containing ix t»CR buffer (Super 
Taqi HT Biotechnology, Cambridge, United Kingdom) (10 mM Tris-HQ fpH 
9.0J, 50 mM KO, n.01% [wt/vol] gelatin, 0.1% Triton X-l 00) with 1 5 raM MgO^ 
a 0,4 u.M concentration of each primer; a 125 ilM concentration (each) of OA'JT, 
dCTP, and dCTP; and 250 jjlM dUTP. After preheating to 80*C (hot start) (3) 
2 U uf tttq DNA polymerase (Amplitnq; Pertcin-Elmey. Allerod, Denmark) 
diluted in 10 \i\ of J X reaction buffer (withheld from the roaster mix) was added 
to inidate toe reaction. Forty cycles were performed in an OmniCene Thermal 
Cycler (Hybaid Ltd., Teddinglun, United Kingdom), eitcb consisting of a 94'C 
30-s denaturation, a 55^ 30-s annealing, and a 72°C 3-rrun extension. Araplicons 
were visualised after etectrophprc*is on 2% agarose gelt, which were stained with 
eihidiym bromide and c?c»mincd by UV CTansiUuminaUun. 

The Optimized assay nsin.o. primers MG16*45F and MG16-447R was per- 
formed as described above except thai the MgCl = concentration wns 2.0 mM and 
that 40 two-step cycles were performed, each consisting of 94'C tor 3U s aod 60° 
for 60 s. The optimized MGl6-l204F-MCt$-13MR assay used 2.5 mM M^d^ 
and 50 cycles of !M"C *tw 30 s and 58"C ror 60 s were performed. The MgPb- 
476-MgPa-y03 fAsay prevjously described (13) was slightly modified, m 1 U of 
Super Tnq pulymerasc (HT Technology) was used and 40 cycles of 94°C for 30 s, 
55 fl C Tor 30 it, and 72°CfoT 60 s wait performed. The MgPa-l-MgPa-3 assiry (1 2) 
was also sligrrtly modiftcd by running 40 cycle* of 9M°C for 30 s» «TC ror 30 1, and 
72*C for 60 s with the reaction comppnenti described above except that the 
dUTP wa* replaced wiih dTTP at 125 yiM and the M^jOi concentration was 3.5 
mM. 

Construction 0 r IPC for inhibition. Jn order to detect the presence of Taq 
UNA polymerase inhibitors or suboptimal reaction conditions, an internal pro- 
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cew control (IPC) was constructed. Primers amplifying parts of the phage 
lambda genome were selected based on the tallowing criteria: (i) nmpiicon size 
at least 100 bp longer than the specific Af. pwhaUum rRNA gene amplieon in 
order to allow preferential amplification of the rRNA ijene amplicoa 00 ,nLk ol 
•tecfMidary Mmcrure and primer-prinicr interaction as determined by the Gene 
Runner program (Hastings Software, inc, Hastings N.Y.), and (iii) & high T ttt in 
order to render the IPC less efficient io amplify than the rRNA gene araplicon. 

Tlic primers included the sequence of each of the rRNA gene prirnfim added 
to the 5' end of the wrrexponding lambda primer (STACaTGCAAGTCCaT 
C G G AA GTAC CCTGaCG GTTTCTAAC and 5'AAACTCCAGCCATTGCCT 
CCTAGGaCATACGCAAATaC; sequence in boldface rype corresponds io the 
phage lambda sequence at positions 13663 to 13&77 and positions l«of) to 
J 4280, respectively). PCR product* thus containing the binding iites of the rRNA 
gene primers were obtained by amplification of 1 ng of purified lambda DNA 
wiih an annealing tempcrarore of 40°C After gel purification of the umphcon. a 
10-told litration wbs performed, and the dilution ol" the IPC producing no 
increase in the detection limit of purified M. Rcnitafiuin DNA was u^d in the 
assay. 

MTF'based hybridization assny. Amplicons produced with primers MG16S- 
45F-MG16S^4"7R were labeled with disoxi^cnin (DIG) during PCR by addition 
of DIG-ll-dUTT* to the master mix. Th« reacu'wi components and cycling 
condiuons wctc a* deseribed above, cxcu-pi that the reaction rrjirtuTc contained 
a 615 u.M ccmccniniuon (each) of dATP, dGTP, and dCTP; 125 >jtM dUTP; 0.4 
p,M DlG-Jl-dUTP; and 10 u.1 of the appropriate dilution of IPC Aflcr PCR. 5 
pi or the reaction products w;is added to wcUs of n hcat'Stahlc Micro titer plate 
(MTP) each containing 100 u.1 of hybridisation solution (100 mM NaCl. 10 raM 
Tria-HO [pH 8.0), 5 mM £DTA_ and 20 pM biuiinytaied probe MC16S-240 Bio 
[5* aio-C-Bio-C-Bio-TrC OTA GGG TAA TCC CC])- The MTP was bcaled 
with tape and placed in o Uc-wdl contbi thermal reactor TR2 (Hybaid) and 
subjected to a 2-rnin 95*C denaturatkm artd 10 min 55X3 hyhrid T rzation. MaxiSorp 
MTPs (Nunc, Rwkilde Denmark) were coated over night at 4 # C with strcptavidio 
(5 u-^/ml; Sigma. Sl Lovi^ Mo.) in carbonate hu"er, pH 0.6. The welU were 
blocked for 15 min with 1% blocking reagent (Bochringcr Munnhcim) in phos* 
phaEe-huffereJ saline, pH 7.4, with 0.05% Twecn 20 (PBST) prepared as a 1:10 
dlhiiion of 10% blocking n-ngent diftsotvcd in mnleic acid buifcr, as described hy 
the manufyctureT. Hyhrids were collected for 30 min at 3TC. After capture, 
three washes with PBST were i>erformed» and the hound hyhrids were detected 
by incubation at 3TC Tot 3f) min with percflfidassc-conjugated sheep anti-DlC 
rmmuiiofilobulm G Fab rragmCnts (0^ U/rah Boehringqr Mannheim) diluted in 
PBST with \% blocking reagent. After three additional washes wiih PBST the 
hybrids were visualized with I^-phcnylancdiamine-bydrodiloridc (KemEnTec, 
Copenhagen, Denmark) in citrate buffer pJ ) 5.11. The reactions were stopped by 
addition of H 2 SO^, and the A 9 j& was read in an EUSA reader (Molecular 
Devices, Menlo Park, Calif.). M. pneumoniae 165 rRNA gene amplicon produced 
by low-stringency PCR was included as specificity control. 

Precaution* u> ovoid PCR product cnrry«v*r. Stria physical separation be- 
tween PCR servp and analysis laboratories w» maintained as previously de- 
scribed (13). Sterile filter tips (ART: SDS, Falkenberjf, Sweden) were v^cd In fill 
inanipvlatiorw with the samples. All surfaces in the PCR setup laboratory were 
regularly wiped with a 4% Divcrsol solution containing hypochlorite (19) and 
exposed to UV light between sessions with the purpose of destroying contami- 
nating DNA. 

Positive cuntrult had low copy numbers, containing 10 and UK) s enomc copies 
of M. genimlvim, Tespcctivcly. At least two negative conrrohi were included in 
eueb run. All M, gcniiahum lfeS rRNA gene PCR* were performed with dUTP 
instead of dTTP, ullowjrtg to enzymatic prevention of PCR product carryover 
with unicU-yV-glycosylnse (16). Uracil-JV-glycosylase v^tb not used, however, since 
no carryover wjts observed. 

Clinical apocimcns. A total of J ,030 samples from 73ft patients were randomly 
chosen froa* specimens submitted for culture of Chlamydia trachomatis, The only 
iivailable information about the patients was age* sex, and sampling site. A total 
of 885 urogenital specimens from 595 women were aubmitred (302 urethral, SHI 
cervical, and 2 vagww! specimens). The median age or women who hod urogenital 
specimens submitted was 28 years (range, 2 to 58 year*). The rcmuinin^ 13 
women bad 16 specimens; suhmitied (8 conjunctival, 2 respiratory, and 6 un- 
known), For the 120 male patients, 129 specimens were examined: 73 urethral 
swaps, 23 semen specimens, IS conjunctival specimens, 8 respiratory specimens, 
and 7 other specimens. The median age of the 73 patient? who had urethral 
fipeelmens suhmitleU was 27 years (range. 18 tc» « years). For two patients (two 
specimens) the acx and age were not known. Specimens were collected and 
transported in 2SP medium (1 2) and stored at -8TTC unt3 lested En the PCR. 
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FIG- 1- LOD of MTP-bascd hybridisation assay performed ai 5tPC 
wiib negative controls t>nd various dilulions of M. geniialiurn amplicon. 
The biotinylatud probe Mgl6S-240 Bio was used ai 10 pM. The neg- 
ative control combined the IPC amplicon. AmpticoriS from M. pneu- 
moniae were produced by low-stringency annealing of the primero. 



RESULTS 

Sequencing. A iota] of 1,490 bp Of the 16S rRNA gene was 
sequenced from M. gcnitalium G37 and each of the four Dan- 
ish Af, fssnualiwn strains M22S8, M2300, M2321, and M234J. 
The sequence of ihe M. genitalium G37 type strain has been 
deposited in GenBank vndcr the accession number X77334. 
Compared to the G37 type strain* one nucleotide was different 
in Danish Af. genitalium strains (a T imcead of a C in position 
J430). A significant homology of 9$*% with the M, pneumoniae 
16S rRNA gene sequence was found; OnJy 28 nucleotides dif- 
fered in the M genitalium G37 sequence, and only 29 nucleo- 
tides differed in the Danish strains. 

Design or primers. Even if relatively relaxed criteria regard- 
ing general rules for design of primers were followed, only 13 
different, primers could be selected. These primers allowed for 
17 possible combinations, but since some of the combinations 
would yield amplicons longer than 600 bp, only M combina- 
tions were actually tested. Two primer combinations were se- 
lected for further studies since ihey produced M- geniialium 
specific amphcons with a hifch efficiency even under the non- 
optimi2ed screening conditions. The MG16-45F-MG16-447R 
primers were located in the VI and V3 hypcrvariable regions, 
respectively, and produced the expected 427-bp amplicon, 
whereas the MG16-1204F-MG16-1301R primers were in the 
VS region and outside defined variable regions, respectively. 
The 124-bp amplicon produced by the 1204-1301 primers was 
more difficult to detect by visual inspection of ethidium bro- 
mide-siained agarose gels; hence, the MG16-45F-MG16-447R 
primers were selected for the primary assay. 

LOD of assays. Both primer sets had a LOD corresponding 
to <5 fg, equivalent to approximately six genome copies, when 
visual inspection Of ethidium bromide-stained agarose gels was 
used for detection. The MTP-bascd hybridization aSSuy did nor 
improve the LOD, when purified DNA was tested; however, 
very faint bands in clinical specimens could be dearly positive 
in the hybridization assay. Af. gcniuilium 16S rRNA gene PCR 
products visible by gel electrophoresis showed optical density 
(OD) readings of >0.5, whereas a large amount of M. pneu- 
moniae 16S rRNA gene amplicon produced by low-stringency 
PCR showed OD readings of <0.05 (Fig. 1). The LOD was not 
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increased when the Af. genitalium DNA was added to clinical 
specimens PCR negative for Af. genitalium (Fig. 2). 

Specificity. The hot-start procedure was found to be crucial 
for the specificity of amplification; >10 3 copies of M. pneu- 
moniae DNA produced faint bands with the MG16-45F- 
MG16-447R primer set without hot start, whereas 10 s copies of 
M. pneumoniae DNA gave negative results when the hot-start 
procedure was used. The effect of hot start could also be shown 
in a recent modification of the protocol, where the Araplitacj 
was substituted with 2 U of Platinum Taq (Tnvitrogen, Tastmp, 
Denmark). Furthermore, the specificity of the assay was en- 
sured by the hybridization step, since even large amounts of A/. 
pneumoniae 1GS amplicon produced by decreeing the anneal- 
ing temperature to 40°C did not hybridize with the internal 
probe. None of the other molKcutcs tested gave rise to unspc- 
cilic amplification. 

The MG16-1204F-MG16-1301R primer set cross-reacted 
with DNA from M, gallisepTicum even when the hoi-start pro- 
cedure was applied. This cross-reaction was not considered to 
be important since this species has never been isolated from 
humans. Due to the short sequence between Ihe primers with 
only a single base substitution between the M. genitalium, the 
M. pneumoniae? and the A/. gulti$cpticum sequences, respec- 
tively, construction of an Af- gcnitaliwn-SpGc'ific probe was not 
attempted. No amplification was observed when a pool of Af. 
genitatium -negative urogenital specimens used in the initial 
screening was tested. However, when the specificity evaluation 
was extended with a larger number of clinical specimens, am- 
plicons with the same length as the positive control appeared in 
some of the urogenital specimens showing negative reactions 
both with the MG.16-45F-MG16-447R and the MgPa-1- 
MgPa-3 primer sets. Consequently, the MC16-1204F-MG16* 
1301 R primer set was not used for further clinical studies. 

IPC fur inhibition- The addition of approximately 10- to 
50-fold the detection limit of the IPC produced the expected 
666-bp fragment without increasing the LOD as shown in Fig- 
2. As expected, preferential amplification of the shorter 16S 
rRNA gene amplicon occurred, resulting in the absence of the 
IPC from specimens with high amounts of Af. genitalium DNA. 
It has been found that approximately 5% of clinical Specimens 
contain inhibitors. No correlation as to the type of specimen 
has been shown, and in most specimens, the IPC can be am- 
plified after a 1:2 or a 1:10 dilution of the specimen. 



1 2 3 4 5 6 7 ft 9 10 11 .12 13 




FIO- 2. Ethidium bromidc-slained agarose gel showing the LOD Of 
the M. gcnitalium 16$ rRNA gene PCR and the effecr of addition of the 
IPC and human DNA. Lane 1, 100-bp marker (Pharmacia); tone 2, 
—500 genome copies of M, genitalium DNA; lane 3. ^50 genome 
copies Of Af- gdntialium DNA; lane 4> -5 genome copies Of M- 
taliunt DNA; lane 5, ne&ativc control; lines 6 to 9, same as lanes 2 to 
5 but with addition of IPC; lanes 10 10 13, same as lanes 2 to 5 but wiih 
Addition of IPC artd 10 of clinical urogenital sped men. 
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MTP-based hybridization assay. The optimal concentration 
of the biotinylated probe was found 10 be crucial for the per- 
formance of the MTP-bascd hybridization assay, since the OD 
vylue dropped significantly after two- to fourfold dilution from 
the optimal concentration. The optimal concentration of the 
probe had lobe determined for each new batch of probe, since 
differences were observed. The optimal hybridization temper- 
ature appeared to be of less importance since the OD of the 
Af. pneumoniae amplicon control remained <0.05 even at 40°G 

Clinical specimens. (!) Urogenital specimens from women. 
Among the specimens from 595 women for whom urogenital 
Specimens were submitted for C. trachomatis culture, M. geni- 
talium was found in 27 (4.5%), For comparison, C trachomatis 
was detected by PCR in 34 (5.6%). The median age of those 
positive for Af. %tnhalmm was 25 years (range, 17 to 56 years) 
but not statistically different from the age of the women tested 
(median age, 28 years). Patients with a positive C trachomatis 
PCR were significantly younger (median age, 22 years; range, 
17 to 37 years) than all women tested. No woman was positive 
at the same time for M. genitalium and C trachomatis. Nine- 
teen women PCR positive for Af. genitalium had both a ure- 
thral and a cervical specimen submitted for C. Trachomatis 
culture. Nine (47%) were PCR positive for Af. genitalium in 
both specimens, whereas seven (41%) were positive in the 
cervical specimen only and three (16%) were positive in the 
urethral specimen only. Thus, the sensitivity for urethral spec- 
imens was 63% (12 of 19), and that for cervical specimens was 
S40> (16 of 19). 

(ii) Urogenital specimens from men. Among the specimens 
from 73 men for whom urethral specimens were submitted 
for C trachomatis Culture, 7 (9.6%) were positive by PCR for 
M- genitalium. Ten (13.7%) were positive for C trachomatis by 
PCR* but no specimen was positive for both organisms. None 
of the 23 semen specimens were PCR positive for Af. genitalhtm. 

(iii) Other clinical specimens, Af. genitalium was not de- 
tected in any of the 49 extragenital specimens. 

Comparison between the Af. genitalium 165 rRNA geo« PCR 
and MgPa PCR. The 41 specimens positive in the M. geni* 
talium 16S rRNA gene PCR were subjected to PCR with the 
MgPa-J-MgFa-3 and the MgPa-476-MgPa-903 primer sets. In 
the MgPa-l-MgPa-3 assay, 40 of the positive specimens could 
be confirmed, whereas only 21 Out of 40 available 16$ rRNA 
gene PCR-pOSitive specimens were also positive in the MgPa- 
476-MgPa-903 PCR assay. The urethral and the cervical swabs 
of eight women were both positive with the M. genitalium 16S 
rRNA gene PCR. When the urethral and cervical swabs of 
these women were examined with the MgPa*476-MgPa-903 
primer set* the results for two women were concordant posi- 
tive, the results for one woman were concordant negative, and 
the results for five women were discrepant. 

DISCUSSION 

In recent years, DNA amplification techniques with PCR for 
Af. genitatium have been introduced. By using these methods 
several studies have demonstrated an association between Af. 
genitaluim and NGU in males (2, 9, 10, 13, 25, 26; T. Dcguchi, 
H. Komeda T M. Yusuda, K. Tada, H. Iwata. M. Asano, T. 
Ezald and Y. Kawada, Letter, Int, J. STD AIDS 6:144-145, 
1995). Also, M. genitalium has been proposed to be involved in 
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cervicitis (28) and endometritis in females (4). At present, only 
a few studies have compared the efficiency of different PCR 
assays on clinical specimens (5, 13). Deguchi et al. (5) found 
results obtained with the MgPa-J-MgPa-3 primer set to be 
identical to those found with the primers described by Palmer 
ct ah (17). This comparison was very important, since the 
majority of clinical studies have used one of these two assays. 
However, only 18 positive specimens were compared. We have 
previously found that the part of the MgPa gene amplified by 
the MgPa-l-MgPa-3 primer set contained mutations resulting 
in different restriction fragment length polymorphisms (12). 
Later, we observed that the amount of amplicons produced 
with the MgPa-l-MgPa-3 primer set compared with that pro- 
duced with the MgPa-476-MgPa-903 primer set from patients 
enrolled in a clinical study of NGU was extremely variable. 
Furthermore, the sequence amplified with the MgPa-476- 
MgPa-903 primers revealed remarkable variation when sub- 
jected to restriction enzyme analysis (13). Despite this varia- 
tion, a complete agreement between the two assays was found. 

These observations led us to speculate whether the MgPa 
gene was an optimal target for a diagnostic PCR assay, and 
therefore, the 16S rRNA gene was selected as the target for 
development of a new assay. At that time, the sequence of the 
AS. genitalium G37 16S rRNA gene was not available, and, 
furthermore, it was felt to be important to assure thai the 
newly isolated Af. genitalium strains had the same sequence as 
the type Strain of Af. genua bum. Consequently, the 165 rRNA 
gene sequences of five different strains were obtained. Only 
one nucleotide was found to differ between the Af, genitalium 
G37 and the four Danish Af- genitalium strains. The Af. geni- 
talium G37 16S rRNA gene sequence was later shown to be 
identical 10 that available from the genome sequence (6). 
Whether the single-nuclcotide difference found among the 
Danish strains reflects geographical differences remains to be 
determined. 

The two 16$ rRNA gene primer combinations selected for 
further evaluation had an equal LOD when evaluated on di- 
lutions of purified Af. genitalium DNA, both alone and in 
simulated positive specimens. Using the hot-start protocol 
both primer sets were specific, when tested with Af. pneu- 
moniae DNA. A range of other mollicutes was tested to assure 
the specificity. Only DNA from Af. gallisepticum cross-reacted 
in the MG16-1204F-MG16-1301R assay, even when the hot- 
Start procedure was applied, but this was not regarded as a 
significant problem, since this species is not expected to be 
found in humans. Initially, a pool of Af. genitalium MgPa PCR 
negative specimens were used for negative controls and for 
preparation Of simulated positive specimens. No positive reac- 
tions were detected in the pooled specimens with the 16S 
PCRs. However, when individual clinical specimens were 
tested in the MG.16-1204F-MG1G-1301R assay sporadic posi- 
tive reactions, which could not be confirmed with other primer 
sets, were observed. Therefore, these primers could not be 
recommended for use without an internal probe or confirma- 
tion with another PCR assay. 

The MTP-based hybridization assay improved the specificity 
against Af. pneumoniae since amplicons produced by lew-strin- 
gency annealing were consistently negative even though Only 
two nucleotides differed between the Af. genitalium and the Af. 
pneumoniae sequences. The PCR assay was adjusted to detect 
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very few genome copies during the amplification. This allowed 
the rapid detection of the specific product and the -internal 
processing control by agarose gel electrophoresis. The MTP 
hybridization assay did not add additional sensitivity, and in a 
routine screening setting, only those specimens positive by gel 
electrophoresis would need hybridization in order to keep ibe 
specificity high. Many authors argue that gel electrophoresis is 
unsuitable for large-scale amplicon deiection. In our hands, 
howewer, gel electrophoresis was found to be very time- and 
cost-cfficierit, since the result of 35 clinical specimens can be 
recorded within 30 min after completion of the PCR* On the 
other hand, the objective reading of a spectrophotometer and 
the possibility of automation «re important advantages of the 
MTP-based hybridization assay. 

The MG16-45F-MG16-447R primer set was not evaluated 
on many nonufOgenital specimens during this study. M. pneu- 
moniae has been reported in a few publications to be present 
in ihe urogenital Tract (7, 23), and M. genitatium has been 
detected in respiratory tract specimens (1). Therefore, the 
mere detection of an amplicon on agarose gel electrophoresis 
should not be taken as evidence of an M. gcntialUim infection 
without a hybridization step or some kind of confirmatory PCR 
assay. For a confirmatory assay, the results of the present study 
clearly indicate that the MgPa-l-MgFa-3 primers are the best 
aJternative primers of those tested. The single specimen posi- 
tive only by the MG16-45F-MG16-447R primer set, could not 
be confirmed by any of the other primer sets, and therefore, it 
seems likely that it was a false positive in that assay. 

The discrepancy between the low clinical sensitivity of the 
MgPa-476-M£Pa-903 primer set found in the present STudy 
and the good agreement between ihe two MgPa-based assays 
in a previous study could be explained by the slightly changed 
reaction conditions used in this study. We increased the an- 
nealing temperature to 55 from 5CPC, and the number of cycles 
was decreased from 50 to 40. These changes were justified by 
experiments using dilution scries of M- genhaliion G37 DNA, 
where it was found that the SuperTaq enzyme produced a 
significantly higher yield of amplicon than the AmpliTaq used 
in the original assay. These observations emphasize the impor- 
tance Of careful evaluations of PCR assays, whenever reaction 
parameters are changed. Due to lack Of sample material, at- 
tempts to run the discrepant samples with the original protocol 
could not be undertaken. The fact that five of eight paired 
urethral and cervical specimens positive in the Af. gpnttaliwn 
16S rRNA gene PCR showed discrepant results in the MgPa- 
476-MgPa-903 assay indicates that the decreased clinical sen- 
sitivity could be due to ft strain-dependenr relative lack of 
Sensitivity caused by sequence variation. 

One 16S rRNA gene PCR assay has been published previ- 
ously (22), but its application on clinical specimens has not 
been reported. The LOD was stated to be 1,000 M. genitolivm 
cells, which is insufficient for clinical diagnostic work. Recently, 
a TaqMan real-time PCR assay based on amplification of the 
Af. genitatituTi 16S rRNA gene was published (29). The LOO 
was reported to be 10 copies/reaction, which is marginally 
higher than that of the present assay. However, since external 
reference standards arc not available, u head-to-hcad compar- 
ison between assays would be needed to determine rhe clinical 
sensitivity. 

M* genirattum was found only in the urogenital specimens 
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examined both from men and women- The rate of positive 
findings was significantly higher in men than in women; how- 
ever, this could easily be explained by the different healthcare- 
seeking behavior of men and women and by the different 
criteria for taking a specimen for C- trachomatis testing. Symp- 
tomatic men are more likely to be examined since screening 
among asymptomatic men is less widely used than screening 
among asymptomatic women. A corresponding higher propor- 
tion of C trachomatis positive men further substantiate this 
explanation. 

In both men and women, the rate of detection of Af genU 
Talium was only slightly lower than that of C trachomatis — 
4.5% compared to 5.69fc in women and 9.b% compared to 
13.7% in men — and the two organisms were not detected in 
the same patients, indicating that they may act as separate 
causes of urogenital tracs illness. This is in agreement with 
most clinical studies published (2, 9, 10, 13, 25, 26; Deguchi et 
at., letter). 

In conclusion, the PCR assay presented here could be a 
valuable supplement to the MgPa-based assays most widely 
used (12, 17), which appear to have a comparable perfor- 
mance. On the other hand, the results also demonstrate that 
other MgPa gent-based assays should be carefully evaluated 
before they can be used with confidence, 
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